A new benthic freshwater diatom species belonging to the genus Pinnularia was found in Laguna Seca of Sierra Seca in the north of the province of Granada, Spain.
Introduction
The south of Spain has the richest, most varied and best preserved natural heritage of wetlands in Spain and the European Union. The Andalusian wetlands present a great 3 diversity of ecological types and constitute fundamental areas for the conservation of
Biodiversity
The most important studies of benthic lacustrine communities from southern Spain are those of REED (1995) , SÁNCHEZ-CASTILLO (1988) , SÁNCHEZ CASTILLO (1993) , LINARES-CUESTA & SÁNCHEZ-CASTILLO (2007) and SÁNCHEZ-CASTILLO et al. (2008) . In addition to LINARES-CUESTA (2003) who made an inventory of the epiphytic and epilithic diatom communities of the lagoons from Sierra Nevada, as well as some works done in Doñana lakes, where some new species were described (BLANCO et al. 2013 ). Many of the reamaining diatom records were assigned to lothic systems (MARTÍN FARFÁN, 2016) .
This older literature does still not reflect all the diatom diversity in the south of Spain, as long as there is not any record in many of the more than 200 wetlands found it in Andalucia.
The species from Pinnularia EHRENBERG genus are part of a complex taxonomical group of great diversity, with 708 taxa accepted according to the last revision made in AlgaeBase (GUIRY & GUIRY 2018) . Despite of the high diversity of this genus, in the south of Spain is very scarce and the most important populations are in Sierra Nevada
Mountain and in acidic rivers as Rio Tinto. Traditionally the species from Pinnularia genus have been reported as living in extreme environmental conditions, like the freezing temperatures of the Antartic region where Pinnularia catenaborealis (PINSEEL et al. 2016) , Pinnularia sofia ( VAN DE VIJVER et al. 2004 ), Pinnularia obaesa and Pinnularia australorabenhorstii ( VAN DE VIJVER 2008) , and several other species of Pinnularia (VAN DE VIJVER & ZIDAROVA 2011; ZIDAROVA et 4 al. 2012 ) are living well adapted. They can also be present in the surrounding streams of mining areas, characterized by high metal concentrations and very low pH, as it is the case of Pinnularia aljustrelica (LUÍS et al. 2012 ) and Pinnularia paralange-bertalotii (FUKUSHIMA et al. 2001) . What all of them have in common is the oligotrophic characteristics of their waters ( VAN DE VIJVER et al. 2012) . Other relevant aspect, is that some of the described species of the Antarctic region can form colonies through the presence of marginal spines ( VAN DE VIJVER et al. 2004; PINSEEL et al. 2016) , although most of the Pinnularia species have isolated life forms (ROUND et al. 1990 ).
Although chain formation by spines affects many biological processes, such as sexual interactions, predation and nutrient uptake (e.g. FRYXELL & MILLER 1978; PAHLOW et al. 1997) , it is not clear the main function in other taxa of the Pinnularia species (PINSEEL et al. 2016) . Among those that have spines it is important to highlight Pinnularia atlasi DARLEY (DARLEY 1990) . In that study, DARLEY did not show the presence of spines, however in a posterior study carried out in Sardinia by LANGE-BERTALOT et al. (2003) , spines were detected in the valvar margin from other population of P. atlasi, mostly concentrated in the central area and disappearing towards the ends of the valve. -BERTALOT (1985) , a second taxon used for comparison was firstly described in central Europe, in a locality situated at 250 m of altitude in Franken, Germany. It was also found in Ouiouane, Morocco, together with P.
Pinnularia infirma KRAMMER & LANGE
atlasi. No ultrastructural data was provided and consequently, no reference to the presence of spines was given.
This study is part of a larger one that intends to know the diatomological diversity of the coastal zone from the lagoons of Andalusia (southern Spain) (unpublished results).
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According to European algal framework directive (POKAINE et al. 2016) , studies using diatoms are normally focused in riverine communities and not so much in lacustrine ones. Thus, this is why this study is crucial to improve the knowledge on diatom communities from lagoons, specially alkaline ones.
The main objective of this work is the description of a new species from the genus Pinnularia, Pinnularia baetica sp. nov. A comparison will be made regarding the frustule morphology of the population found in the province of Granada (South of Spain) both in Light Microscopy (LM) and in Scanning Electron Microscopy (SEM), with P. atlasi described by DARLEY, obtained directly from (locotype)the 2 sites of northern Morocco (Ouiouane and Guedrouz) where DARLEY originally obtained the type population. In spite of type material was asked, it was not possible to received. It will also be compared with the description done by LANGE-BERTALOT et al. (2003) , in the Island of Sardinia because DARLEY'S description did not include ultrastructural analysis.
Methods

Sampling
The epipelic diatom communities of sediments samples came from the littoral zone of three lagoons, one from South Europe (Spain) and two from North Africa (Morocco) ( Table 1 proposed this material as a Locotype and it will be submitted it to a collection housed in the Herbarium, University of Granada (Spain). 
Diatoms treatment
Sediment samples were obtained by suction through a one-metre-long glass tube (a Lund tube). Several transepts were made in the littoral zone in order to get an integrated 7 sample of the epipelic community. Field parameters such as: pH, conductivity and temperature were measured "in situ" with a WTW pH/Cond 340i/SET, portable multimeter.
The samples were transported to the laboratory in cold (4ºC-8ºC) and dark conditions. Once in the laboratory, the pellet was left to stand in a petri dish, then the supernatant was removed and after the sediment was covered by cover slips. After at least 12 hours we proceeded to remove the coverslips where by phototactic movement, the diatoms are attached to the coverslip algae, which were then fixed with 4% formaldehyde.
The samples were oxidized with hydrogen peroxide 30% w/w. Possible calcium carbonate inclusions were removed by adding a few drops of dilute hydrochloric acid 1N into the sample. They were then washed with distilled water four times, leaving the sediment sample and the supernatant was then removed several times to prevent rupture of the valves when the samples were centrifuged. Permanent preparations were mounted with a synthetic resin, Naphrax®, (Brunel Microscopes Ltd, UK) with a high refractive index (1.74). Light microscopy observations were observed using a Leica DMI3000 B light microscope (Phase contrast) with a 100x oil immersion objective with NA (numerical aperture) of 1.30 and LM photographs were taken with a Leica DFC295.
Measurements of valve length, width and number of striae (in 10 μm) were taken of at least 20 specimens per species, under the light microscope several subsamples chosen for scanning electron microscopy were filtered through polycarbonate membrane filters with a 5μm pore diameter, mounted on stubs with double sided carbon. A Zeiss (1986, 1988, 1991 a, b) , LANGE-BERTALOT et al. (2003) , LEVKOV et al. (2005) .
After trying to contact with the herbarium of Marrakech, we did not received any reply regarding the type population of P. atlasi.
The range of morphometric and micrographic data from P. atlasi in DARLEY´s description included both populations of Guedrouz and Ouiouane. In this study also due to the low number of valves of P. atlasi, the morphometric and micrographic data were also from both populations of Morocco. For each taxon, the number of valves measured was n=30.
All images were digitally manipulated, and plates were made using CorelDRAW 2017 and the map (Fig. 1) was done using ArcGis vs.10.
Results & Discussion
Pinnularia baetica FERNÁNDEZ MORENO et SÁNCHEZ CASTILLO sp.nov. Type locality: Laguna Seca, Sierra Seca, Parque Natural de la Sierra de Castril, Granada. Spain.
Geographical coordinates: 37º56´41.86´´ N, 2º40´54.80´´ W.
Etymology: The specific epithet baetica refers to the name of the mountain chain complex.
Light microscopy (Figs. 2-16)
Valves panduriform, narrow in the center, then showing a wider enlargement and finishing narrow again close to the poles with cuneate apices. Length 47.2-72.2 µm, width 9.3-12.8 µm. Central area from rhombic (e.g. Fig 6) to broad fascia (e.g . Fig 12) , formed by the shortening of one or three central striae. The fascia was observed sometimes on both sides (e.g. Figs 4, 12) or just might be smaller (Fig 5, 6 ). Axial area linear-lanceolate, widening toward the central area.
The raphe was central, positioned in the middle of the axial area with the proximal raphe endings unilaterally deflected, terminated in slightly expanded but not drop-like pores (Figs 2-16 ). The distal raphe fissures were hooked. The transapical striae were slightly radiated to parallel and convergent at the poles (9-10/10 µm) 11, 13, 15) .
Fig. 2-16
Scanning electron microscopy (Figs 48-53)
The external proximal raphe endings were slightly expanded and unilaterally deflected (Figs 47, 51) . The distal raphe fissures were clearly hooked shaped (Figs 47, 49) , continuing onto the mantle as a curve line downward. The internal raphe was straight with short, bent, proximal raphe endings with a small inflated central nodule (Fig 48) .
The distal raphe endings terminated onto a small, slightly eccentric, weakly raised helictoglossa (Figs 48, 50) . The striae were composed of large alveolus (Fig 50) .
Externally, each alveolus was composed of 7-8 rows of small areolae (Fig 52) with a maximum diameter of 75-100 nm. Each pore is occluded by a hymen which can be opened by 6/5 sub-pores (20-30 nm diameter) to release the pore surface. 
Comparison with related taxa
The most similar taxa to Pinnularia baetica was Pinnularia atlasi and but it was found with more differences Pinnularia infirma. (Table 2 ) The first taxon in this comparison is P. atlasi (53) (54) (55) (56) (57) (58) . Data and images of P. atlasi collected for this work were collected from the locations (Locotype) where DARLEY (1990) described this species only based on LM observations. This study revealed the presence of spines in the populations of Morocco as well as in the population of Sardinia, according to the ultrastructure study performed by LANGE-BERTALOT et al. (2003) . This character is rare in the genus (ROUND et al. 1990 ) and different models have been observed. Among the species with the greatest similarity to P. atlasi, in terms of this character, there is Pinnularia spinea LANGE- BERTALOT et al. (2003) . with the same type of spines and similar sequence of size structure (although it has several rows of 
Figs 53-58
Figs 59-64 Table 2 The presence of spines in P. atlasi is possible to observe in some views of the frustule in LM (Fig 65) like it is said in LANGE-BERTALOT et al. (2003) (LM: Plate 88: Fig   3) . P. baetica shows more convergent striae in the apices (Figs 47, 48 ), but the most evident characteristic is the absence of spines on the valvar margin (Figs 47, 51 ). Small differences in the number of striae, a bit less in P. atlasi (8-9) than in P. baetica (9-10). This is because of the fact that in P. atlasi the alveolus had 8 rows of areolae, 13 meanwhile in P. baetica just 7-8 rows of areolae were found. The length/width ratio of P. baetica (5.4) is similar when compared with the same in P. atlasi (5.2).
P. infirma KRAMMER & LANGE-BERTALOT (1985) a third taxon used for this
comparison was for the first time described in central Europe, in a locality at 250 m of altitude (Franken, Germany). P. infirma which was also identified in Morocco, in our study, is referenced in many bibliographic references from different places, such as (KRAMMER 2000; LANGE-BERTALOT et al. 2003) . No ultrastructural data are provided and no reference to the presence of spines is given.
In this study, this taxon is characterized by its narrow central area, length x width 25.2-43.15 x 5.2-6.9 μm and 11-13 striae in 10 μm. In the same sample from Ouiouane ephemeral pond (not found in Guedrouz), the analysis of P. infirma could be confused with P. atlasi. Neverthless, P. infirma differs sufficiently from P. atlasi, as well from P. baetica on the valve outline.
P. infirma had a slight panduriform valve instead of the more panduriform of P. baetica furthermore, the length/width relationship is higher in P. infirma (5.6) than in P. baetica (5.4). P. infirma has obtusely to acutely poles, smaller size and the number of rows in each alveolus is lower (5-6) than in P. baetica (7-8). similarities with other endemical organisms from the circumediterranean region such plants ( NIETO-FELINER 2014; ROSELLÓ 2013) , and other aquatic groups with a high rate of endemicity in the Mediterranean (TIERNO DE FIGUEROA et al. 2013 Showing the spines (see arrow) defined in the middle of the concave part of the lower valve.
